NATIONAL AFRONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546

N oF. GP March 29, 1971

TO: USI/Scientific & Technical Information Division
Attention: Miss Winnie M. Morgan

FROM: GP/0ffice of Assistant General
Counsel for Patent Matters

SUBJECT: Announcement of NASA~Owned
U.S. Patents in STAR

In accordance with the procedures contained in the Code GP
to Code USI memorandum on this subject, dated June 8, 1970,
the attached NASA-owned U.S. patent is being forwarded for
abstracting and announcement in NASA STAR.

The following information is provided:

U.S. Patent No. 2 3,379,330

Corporate Source : Lewis Research Centex
Supplementary

Corporate Source e

NASA Patent Case No.: XL,E-04222

A

Gayle Parker

Enclosure:
Copy of Patent

N71-2288]

ﬂ(/ggsar’ (cBDE)
- <23

(NASA CR OR TMX OR AD NUMBER) (CATEGORY)

‘K\Hme :
NASA-HQ

FACILITY FORM 602




April 23, 1968 P. J. PERKINS, JR . 3,379,330
CRIDGENIC INSULATION SYSTEM
Filed Dec. 8, 1965

==

S S S R R R

18—f ()}

e
32 L

sa—1 I Y

- Fie. 5

RS =% o TINvENTOR w »
- wgszzeer U7 PORTER J. PERKINS JR ‘/xﬁ;‘z’




United States Patent

3,379,230
Patgntec? Apr. 23, 1968

hice

: CRYQGENIC mé'ULATEQ‘J SYSTEM
Porfer . Perkins, Jr., Rocky River, Ohio. amgnor to the

United States of Amenca as represented by the Ad-

ministrator of the Mational Aemmufus and Space

Administration
. Filed Dec.. 8 19565, Ser. No. 512,559
8 Cimms. {CL, 22 9)

ABSFRACT OF N’fiﬁ% i)iSCLOSUﬁE‘

progewc insulation in the form of panels that are
self-evacuated at the time of use to provide the required
quality of insulation. Prefahnca;ed insulation panels

compnsmg multilayers of shields and separaxors enclosed -

ina vacuum-tight flexible casing that contains a gas Bav-
ing a low vapor pressure at cryogenic femperatures are
secured fo the outer surface of a tank contammg 2
M U

The invention described herein may be manufactured
“and used by or for the Governnient of the United States

of America for governmental purposes without the pay-

ment of any royalties thereon or therefor.
This invention relates to the insulation of a cryogenic
~storage container, The invention i3 particularly con-
temed‘ with’ self-cvacuated multilayer insulation of light-
weight prefabn..atcd papels for a tank containing a cryo-
genic rocket pronella'n such as liquid hydrogen.

Liquid hydrogen is a desirable propeliant for chemical
and nucléar rotkets because of its high theoretical per-
formance. Hmh boil-off losses in liquid hydrogen storage
tanks present a difficult insulation problem. These losses

" are caused by the very low boxlmg temperature, —423°
F., for this propellant as well as its low density. which
fresnlts in 2 large tank surface area,

Previous methods ‘and devices for insulating liquid

hydrogen tanks for fight vehicles have besn feasible only

for boos{er—type rocket vebicles where storage time in
‘the tanks is of relatwe‘y short durztion. These insulation
sysiems would not provide the thermal pretection re-
quired for liquid hydrog*n fuel it space pronulsxon stages
where siorage time is several days.

Kulilayer insulations have been proposed for space
vehicles because the high vacuum environment reguired
for these insulations makes them ideal for space applica-
tions, ‘xoweser, thermal protection for cryoaemc propel-
Iants in space vehicles must also include proteciion for
a relatively short period while the vehicle is on the

ground and during boost through the atmosphere. The
conventional double-walled va cuum—;acketed dewar nor-
mally vsed to achieve high vacnims around a tank is
foo heavy 10 use on pmpellant tanks of space propulsion

vehicles. For practical use on flight vebicles, the heavy

outside wall must be replaced by a lightweight vacuum
_cacmsz. Lishtweight films' which could be used for such
a casing are not completely impermeable and therefore
can be expected to hold high vacuum only for a rela-
uve]y short period of time. Also any insulation’ ‘system
must be readily adaptable to relatively Iaroe siz¢ propel-
lant tanks,

The insulation system of the pre:ent mvennon utilizes
multilavers of shields and separ?ton that are enclosed
in a va»uum—i:ght flexible casing that is self-evacuated
at the time of use to pmwde ‘the requxred quality of
" insulation. The insulation is in the form of prefabricated
msu}auon panels which are particularly useful with the
Jarge size tanks required for storing liquid hydrogen.
An atmosphere of gaseous carbon dioxide or a similar
gas having a very low vapor pressure at cryogenic tem-
‘peratures, IS under a slight positive pressure at ambieit
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temperature within the sealed insulation panels. The .
regiired Jow. vacuum within the panels, necessary for
multilayer systems, is created only when the pancls are
attached to the propellant tank and the walla of the
tank are cooled by the presence of a cryvogen in the tank.
It is, therefore, an obiect of the present invention to
provide an. xmprmed nghmewhi mulu!ayer insbiation
system for a cryogenic, container that is prefabneated
in multiple panels thereby ibsuring system reliability,
Another object of the invention is to provide a cryo- -

) gemc insulation system which utilizes sealed panels <con- -

. 1aining alternate layers of heat reflective shields and -
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sepdramrs within a vecuum environment thereby ach:ew- '
ing low heat transfer with low weight.

A still further object of the invention is to provxde a
cryogenic insulation system which utilizes alternate layers
of heat refiective shields and separamrs ‘which are sealed. -
within a vacuum-tight flexible casing that is self-evacuated
at the fime of use..

These and other objects of the ‘invention w‘l] be ap-
parent from the specxﬁcatmn which follows and from
the drawings wherein kae nimerals are used- tbrough-
out to identify like parts. :

In the drawmgs* : ‘

FIG. 1 is an’ elevation v;ew of a lxghtweight msda-
tion p“anel prefabm:au:d in accordante with the present
invention; ;

FIG. 2 is a side view of the panel shown in FIG. 1;

FIG. 3 is an enlarged section view taken along the
line 3—3 in FIG. 1§

FIG. 4 shows a cryogenic storag e container with p’arts
broken away insulated in auordance with the prssent',
invention utilizing panels of the type shown in FIG. 1
and K .
FI1G. 5 is an eniareed secnon view taken along ﬂzc
line 55 in FIG. 4. :

The drawing illustrates the construction and use of a
self-evacuated insulation system comprising lightweight
prefabricated. panels 10 cmbudying the featvres of the
present invention, As shown in FIG. 3, each panel 10
comprises alternate layers of heat reflective shields 12
and separators 14 sealed within a vacuum-tight casing
16 of a lightweight flexible material. The panels 10
are mounted on 2 cryogenic storage tank 18 shown in
FIG. 4 in a manner thCh will be descnhcd later- in
greater detail.

Each heat reﬂecuve shae!d 12 comprises a layer of
polyester plastic that has been aluntinized on both sur-
faces with films of vapor deposited aluminum. A one-
quarter mil Mylar film bas been a sat:sfactory heat re-
flective shield.

Each separator 34 x;ompuses a }ayer of hghtvmght
plastic foam having a low heat flux. Polyurethane foam
having a density of two pounds per cubic foot sliced
to a thickness of less 1han 0.020 inch bas been a satis-
factory separator. :

The vacuum-tight casmg is compnses an inner scalmg
cover 20 on the cold side of the panel 10 which faces
ihe tank 18 and an ouicr sealing cover 22 on the warm
side. of the panel. Each of the covers 20 and 22 com-
prises a 4-ply laminate of a polfester plastic aluminized
on both sides. One-half mil Mylar baving a vapor de-
posited film of aluminum on cach surface has been satis~
factory for the plies of the ]anmat N

Inasmuch ds the msulatmn vacuum is requued ‘for
only a relatively short period of time, some permeability
of the vacuum casing 16 can be tolerated. However,
for optimum sealing it is vontemplatéd that other lami-
nates comprising at least one layer ol a plastic film and
at least one layer of a thin metal foil' may be used. For
example, a Mylar-aleminum-aluminum-Mylar laminate,’
known as MAAM and described in a copending applica-
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tion Serial No. 505, 765 eniitled “Fﬂamen!»“ounﬂ Con-
tainer and Method of Making the Same,” filed Oct, 29,
1965, may be used for the covers 20 dand 22 Another
aminate, designated as M AM and deserd bed in copend~
mg application Serial No. 430,226 fi'ed Feb. 3, 1965,
is likewise a suitable material for ‘the casing 16.

. The contacting edaes of the sealing covers 20 and 22
are sealed to form the vacuvoelight casing 16. An ad-

hesive bond 24 is piaced batween marginal surface por- -

tions of the covers 20 and 22 as shown in FIG. 3. -

An important fea!ure of the invention is the inclusion.

of 2 condensible gas, such as punﬁed carbon dioxide,
‘within the vacuum casing 16. The panel 10 is lmtxany
charged with this gas during fabrication.

By the process of cryopumping, the condensmg gas
solidifies at the inper sealing covér 28 which is adjacent
the cold surface of the cr\oo'en'c tank 18 thereby eva-
cnatisg the panst 10, This self-evacuating feature occurs
~when the tank 18 is coo‘ed down during filing with the
cryogen. :

To pravent the solid carbon dmx:de frﬁst condensed
on the imner cover 20 from falling off under vibrations
and _re-evaporating thereby
vacunm, a porous substrate 26, such as & layer of fiber-
glass mat, is interposed between the inner surface of the
cover 20 and the adjacent heat reflective shield 12, It

" . is also contemplated that a layer of plashs. foam may

be used for the porous subsim'.e 26,

‘The flow of carbon dioxide {o the inner cover 20 may
be enhanced by perforating the heat reBective shizlds.
12. Inasmauch as the thickness of the film of condensed
gas on the inner cover 18 is normally quite small, the
porous substrate 26 may not be required in appiication_s
where high vibrations are not encountered.

Referring to FIG. 4 the panels 18 are mounied on
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temporarily destroying the .

‘vention or the scope of the
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tion of the underlying panel. The adhesive. grids 32, 34,
and 36 are in the form of glue lings and add s‘m..mral
rizidity 1o ‘the pamels I8 assembled on ihie tank 18.
While a prefeired embodiment of the invention has
been snown and déscribed, it will be apprecinied that |
various modifications may be made to. the dxsdeted,
siructure without depasting from thé spirit of the in-
subjoined claims.
What is claimed isz’ .
1A l*ﬁhtwesght wsx!a.:on systcm for a storage {ank
containing cryogenic fieid comprising
a plurality of insuiziing panels (of insulating mate-
rlal) arranged abost “the outer surface of the tank
in overlapping arrey with a portion of each pancl
in contact with sak® outer surface;
each of sa2id parels mpmmg mu.nlaye:rs of sh:elds
and separctors ea:ic&ad in a vacuum-t.z‘n casing
filed with a gas kaving a low vapor pressure. at
cryogenic tempefaz::ecs whereby a vacuum is created
within the panel when the tunk wall xs contacted
by the cryo"emc fund, and
mean;: for ma.mzam_a. said pangls in contact with the
ian
2. A lightweight nsui.vtaon system as ¢laimed in claim
1 wherein about enc-third of each pansl is in contapt
with the tank and one-third of each panel is exposed.
3. A lightweight insnlzsion system as claimed in claim
1 v.herem the paneis are zrranged in rows with each row

. bridging the butt joints of the panels in the row under-
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the fank 18 in a shmg!e arrangement of attachment with -

adjacent rows of overiapping pane]s As shown in FiG,
5, onc-third of cach panel 18 is exposed to ihe ouiside
iemperature; one-third of this panel is attached to the
cold tank ‘wall; and one-third is beiween adjacent panels.
Paneis 16 having a width of two feet and a length of
six_feet have been wused successfully to insulate a liguid
hydmgen storage tank. With these panels, only a por-
tion neasuring two feet by two feet is expmed to the
atmosphere..

The thickness of each parel 10 is xept to a minimum
to reduce the forming and wiinkling of the sesling covers
20 and 22 as well as to provide as much flexibilily as

possible for the overlapped areas. An overall thickness’

of 0.10 inch was found to be satisfactory for the two
feet by six feet panels. The four-ply laminate of alumi-
nized Mylar is preferred over the other casing mate-
rials for the sealing covers 20 and 22 becanse it does
not ténd fo wrinkle and form as mucb as the othet mate-
rials,

The panels arg arranged in each row to bridge the
butt joints of the panels in the row underncath 1o reduce
the heat leak through the unavoidable heat short that
exists a’ong the edges of each pancl. Vertical strips 28
-of sealing material over!ap the butt joints between the
panels I8 fo seal the space between the panels when they
are mounied on the tank 18 Horizonial sirips 30 of
similar sealing material overlap the Jower edge of each
" panel and the adydcent panel

"A portion compnsing the upper. ﬂurd of each parel
i0 is secured. to the outer surface of the tank 18 by
an adhesive grid 32. A similar adhesive grid 34 secures
the center thitd portion of each panel to the upper.
third portion of the adjacent panel secured 1o the fank
18. Sstll another adhesive grid 36 secbres the lIower 7
third portion of each. panel 10 to the <enter third por-
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neaii tbereby reducing heat leakepe through the l*eat
short that exists along the edges of “each panel. -

4. An insulating pane} comprising

a plurality of heat refieczive layers, .

a plurality of separeiing layers interposed be*ween
said heat reflective Eavers,

a vacuum-tight casinz for covering said heat reflective
layers and said separating layers, and ‘

‘@ condensible gas having a low vapor pressure within
said casing to create a vacuum therein by cryopump-
ing when the’ panzl is exposed to a eryogen.

5. An insulating panz! as claimed in claim 4 wherein
each of the separating lavers corsists of a layer of a
lightweight plastic foarm.

6. An insulating pane] 28 clain ,ed in c}mm 5 whcrem
each of the separating jzvers consists of a Jayer of poly-
urethane foam having 2 density of about two pounds
per cubic foot. i

7. An insulating panet’ ccmpnsmg,
a plurality of héat refective layers, )

a plurality of separating layers interposed between said
heat reflective Ia)e's,

a vacuum-tight casing covering said beat reflective

. layers and said seacsrztmg layers,

a condensible gas witiain said casing to create a vacuum
therein by cryopumping when the pans] is exposed
to a cryogen, and

a layer of porous mraferial adjazent cne surface of
saxd casing for colfecting the condensed gas therchy
mmbzung “ihe re-cvaporation of the same when the
panel is vibrated.

8. An insulating pansl 2s claimed in claim 7 wherein

the porous material comprises a layer of fiberglass mat.
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